(19) 



J 



Europiisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

09.10.2002 Bulletin 2002/41 

(21) Application number 02005453.2 

(22) Date of filing: 08.03.2002 



(11) EP1 248 092 A2 

EUROPEAN PATENT APPLICATION 

(51) lntC|7: G01M 11/02 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR QB GR IE IT LI LU 


• Biel, Roger 


MC NL PTSETR 


65936 Frankfurt am Main (DE) 


Designated Extension States: 


• Linkemann. Joachim 


AL LT LV MK RO SI 


22926 Ahrensburg (DE) 




• Fornaslero, Livio 


(30) Priority: 09.03.2001 EP 01105961 


20535 Hamburg (DE) 


• Braune, Ingolf 


(71) Applicants: 


79194 Gundelflngen (DE) 


• NovartlsAG 




4056 Basel (CH) 


(74) Representative: Becker, Konrad et a! 


Designated Contracting States: 


Novartis AG, 


BECH DEDKESFI FRGBGRIEITLI LU MCNL 


Corporate Intellectual Property, 


FT SE CY 


Patent & Trademark Department 


• Novartis^Erflndungen Verwaltungsgesellschaft 


4002 Basel (CH) 


m.b.H. 




1230Wien(AT) 




Designated Contracting States: 




AT 





Csl 
< 
CM 

o 

00 
CM 



CL 
LU 



(54) Lens inspection 

(57) The Invention enables more objective defect 
evaluation of ophthalmic lenses, especially contact 
lenses, to take place through the combination of the 
schlleren method with the transmitted light method, with 
the result thatthe advantages of these two different sys- 
tems are combined. The schlieren method is in a posi- 
tion to illustrate the edge of a contact lens and its rup- 
tures, in high contrast, for the CCD camera. Likewise, 
tears and surface defects can be made visible. Using 
the transmitted light method, the bubbles may be suita- 
bly prepared for the camera. 
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Description 

[0001] The invention relates to a device and a method 
for the automatic Inspection of ophthalmic tenses, espe- 
cially contact lenses, in an automatic lens manufactur- 
ing process. 

[0002] The production of contact lenses using con- 
ventional methods, such as rotary processes for hard 
contact lenses and pouring processes for soft contact 
lenses in disposable plastic moulds is relatively expen- 
sive. As a rule, these contact lenses are used in a period 
of one yearto one month. Technical advancement in re- 
cent years, however, has enabled contact lenses to be 
produced, which are worn only on one day and are re- 
placed aftenvards by new contact lenses. However, this 
has been made possible only through a high degree of 
automation of the production plants. Production of these 
contact tenses advantageously takes place using reus- 
able mould halves, the matrix and the pathx, which nor- 
mally consist of glass or quartz. Between these mould 
halves is a hollow cavity, which corresponds to the sub- 
sequent contact lens shape. Before closing the mould 
halves, a polymer solution is measured into the matrix. 
UV light is radiated over the upper mould half, which 
leads to crosslinking of the lens material. Subsequently, 
the lens is removed from the mould half with suction 
grips and is placed in the pack. 
[0003] In order to assure constant quality of the con- 
tact lenses, provisions are in place for automatic inspec- 
tion of the contact lenses using industrial image 
processing methods. In Image processing, the lenses 
are tested both In the mould halves and at the vacuum 
grips. An image processing method of this kind is de- 
scribed for example in EP patent 491 663. Of course, not 
all defective contact lenses can be detected by this type 
of inspection, or nominal defects are established, such 
as bubbles fomned by water spillages, which however 
illustrate artefacts. By having to sort out the perfect lens- 
es, the yield is reduced, which has a negative effect on 
balancing the costs. 

[0004] The invention is based on the problem of pro- 
viding an inspection device and an inspection method, 
which recognises the defective lenses with a high de- 
gree of reliability, but does not falsely sort out perfect 
lenses. In particular, the Image-processing system 
should carry out a complete examination of the contact 
lenses for accuracy of size, surface defects, tears, pe- 
ripheral ruptures and inclusions such as bubbles and 
foreign bodies. 

[0005] The invention solves this problem with the fea- 
tures of claim 1 and claim 21 . As far as further essential 
developments of the equipment according to the inven* 
tion and of the process are concemed, reference is 
made to the dependent claims. 
[0006] Through the combination of the schlieren 
method and the transmitted light process, the advantag- 
es of both systems can be linked, so that defects can 
be evaluated mora objectively. The schlieren method is 



in a position to illustrate the edge and its ruptures in high 
contrast for the CCD camera. Likewise, tears and sur* 
face defects can be made visible. With the transmitted 
light process, the bubbles can be appropriately pre- 
5 pared for the camera, so that defects can all be recog- 
nised in terms of the required test criteria. 
[0007] Further details and advantages of the Inven- 
tion may be seen from the description that follows and 
the drawing. In the drawing, 

10 

Fig. 1 shows a schemata illustration of an inspection 
device according to the invention. 

Fig. 2 shows an image of a perfect contact lens on a 
15 dark field; 

Fig. 3 shows an image of a perfect contact lens in 
transmitted light; 

20 Rg. 4 shows an image of a contact lens with a tear 
on a daric field; 

Rg. 5 shows an image of a contact lens with a tear 
in transmitted light; 

25 

Rg. 6 shows an image of a contact lens with a pe- 
ripheral rupture on a dark field; 

Fig. 7 shows an image of a contact lens with a pe- 
30 ripheral rupture in transmitted light; 

Rg. 8 shows an image of a contact lens with bubbles 
and inclusions in transmitted light; 

3S Fig. 9 shows an image of a contact lens with a sur- 
face defects on a daric field; 

[0008] In automatic quality control, the accuracy of 
size, the shape and the surface of the contact lens 

40 should be checked. The edge of the contact lenses 
should be tested for ruptures and tears, and the surface 
over the whole contact lens should be tested for bub- 
bles, inclusions and surface defects. According to the 
Invention, the principle points of quality testing are in 

45 particular control of the edges and finding bubbles. 
[0009] Further quality criteria of a contact lens are Its 
geometric properties such as accuracy of size and 
roundness. The shape of a contact lens can be approx- 
imately described as part of a ball cup. If the prescribed 

so measurements are not adhered to, In the actual manu- 
facturing process an error may occur, which has a neg- 
ative effect on the quality of the contact lens. The lens 
diameter may be determined from the outer edges of 
the contact lens. By determining the maximum and mln- 

55 imum lens diameter, a measure of the eccentricity of the 
contact lens can be deduced. The roundness of the lens 
results from the contour of the edge. 
[0010] In addition, all contact lenses are to be inspect- 
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ed for damage to the outer edges. This damage fre- 
quently occurs in the fomn of ruptures or tears. A periph- 
eral rupture Is described as missing material on the pe- 
riphery of the contact lens. A small tear in the contact 
lens can rapidly lead to a continuation of the tear and s 
complete destruction of the contact tens. Then, parts of 
the contact lens can easily become trapped between the 
eye and the eye lids and are very difficult to remove. 
Tears frequently progress from the outer periphery to the 
inside of the contact lens. They are usually easy to see, 
as the halves of the tear split away from one another. 
However, it is also known that when the halves of the 
tear lie next to one another, the tear can barely be seen 
optically owing to the negligible difference in refractive 
index of water and polymer, as the scattering properties 
of the edge of the tear are lost. 
[0011] Circular defects may occur In the Internal re- 
gion of the contact lens. These defects arise during pro- 
duction, due to the inclusion of small air bubbles or for- 
eign bodies in the polymer solution. 
[001 2] Surface defects are distinguished by linear and 
areal defects. They are noted for their rough surface 
structure. The defective area and the spread are used 
for evaluation purposes. 

[0013] The inspection device 1 according to the inven- 
tion illustrated in fig. 1 consists of a dark-field observa- 
tion 2 and a bright-field observation 3. The contact lens 
4 which is preferably a soft one is held in a container 5. 
The containers is filled with water or a similar test liquid. 
However, this places particular demands on the Inspec- 
tion system, since the contact lens 4 itself has a water 
content of approximately 69%. Therefore, the refractive 
index of the contact lenses n(K)= 1 .382 is very close to 
the refractive Index of water n(W)= 1 333, which means 
that the contact lens 4 can only be seen with great dif- 
ficulty in water. Of course, by examining in water, artifi- 
cial defects, so-called artefacts, especially bubbles 
caused by water spillages during production, can be 
avoided, and the scrapping of lenses which have been 
enroneousty detected as defective can be avoided. In 
addition, by examining in water, it is possible to ensure 
that the testing environment is free of dust and fluff. 
When calculating the imaging properties of the inspec- 
tion device, the height of the constructed container 5 
must be taken Into consideration. By replacing air In the 
beam with a medium having a higher refractive index, 
such as glass or liquid, the imaging properties are mod- 
ified and, correspondingly, the aberrations, which have 
to be minimised. 

[001 4] A halogen lamp 6 is preferably used as the light 
source to illuminate the contact lens 4. To Increase the 
output of light, a concave mirror 7 is used. The light re- 
flected by the halogen lamp 6 and the concave mirror 7 
is focussed onto the input diaphragm 10 by a heat filter 
8 and a biconvex lens 9. This diaphragm 1 0 lies in the 
focus point of a further lens 1 1 . so that the light emanat- 
ing from the halogen lamp 6 is colllmated and parallel 
light is present in the examining zone. It Is also possible 



for an interference filter 12 to be additionally used be- 
hind the lens 11, In order to substantially increase the 
length of coherence of the light emanating from the hal- 
ogen lamp 6. The contact lens 4 is located in the cuvette 
5 introduced into the illumination path, the cuvette pref- 
erably being closed off by a flat glass sheet 1 3; The cu- 
vette 5 should be closed, in order to enable^crossing 
points of the individual optical, media to be cleanly de- 
fined. If the liquid is not covered, vibration or jolting may, 
for example, produce non-reproducible, partly chaotic 
defonnation of the wave fronts. The resulting image can 
be compared with "light refraction" on the bottom of a 
swimming pool. 

[0015] The contact lens 4 is subsequently observed 
in a dari< field or bright field. For the illumination beam 
and the observation beams, achromatic lenses were 
preferably used, In order to avoid aben-ations. 
[0016] Forthe dark-field observation, an image of the 
contact lens to be tested is formed on an intermediate 
image via a 4f set-up and then taken with a lens from a 
W S/W camera. For soft contact lenses, the greatest 
scattering amplitude occurs when there are only small 
deviations of the scattering angle from the direction of 
the radiated light. Therefore, obsen^ation in a dari< field 
Is preferably carried out under a small angle. Jhe con- 
tact lens 4 Is located In the focal plane of a convex tens 
14. High grade optica! equipment with a free diameter 
of 48 mm is advantageously used, in order to film the 
whole contact lens 4 in any position on the bottom of the 
cuvette 5. To do this, achromatic lenses with a diameter 
of 50 mm are suitably employed. In order to enable.a 
compact structural unit to be used, achromatic lenses 
with a focal length of f = 100 mm are advantageously 
used. In the focal plane 15 on the other side of the lens 
14, hereinafter called the filter plane, is the optk^al Fou- 
riertransfomiatlon to the focal plane, which contains the 
contact lens 4. The zero order of the Fourier transfor- 
mations is the illumination used. This is a conjugated 
plane to the Input diaphragm 10 of the illumination. 
Through the diameter of a diaphragm 1 6 present in the 
filter plane 1 5, low and high spatial frequencies can be 
filtered out without point-focally affecting the actual im- 
age. What is important is that the imaging properties of 
the contact lens 4 can be disregarded. Through a sub- 
sequent back-transfomiatlon, finally a real Image of the 
contact lens 4 Is again obtained, which had previously 
been filtered. Since the diaphragm 16 in the filter plane 
15 scatters the illuminating light, the temn beam stop is 
used hereinafter. This method, which was Introduced by 
A. Toeplerto examine lenses, may be found in literature 
under the name schlleren method. Schlieren systems 
are especially useful for examinations where slight 
changes of the refractive Index become visible. The di- 
rection of the light rays are easily changed by slight 
changes to the refractive index. It is just this behaviour 
that is used when inspecting the contact lens. The beam 
stop 16 In the filter plane 15 should advantageously be 
of larger diameter than the input diaphragm 10, so that 
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the illuminating part of the beam is fully scattered by the 
imaging properties of the contact lens 4 despite devia* 
tions In the Illuminating beam. Of course, the beam stop 
16 shoulo not be too large, since otherwise too many 
low frequency parts are filtered out at this point. Finally, 
the deviation of the scattered beam is only small against 
the direction of the beam. Using computer-assisted sinv 
ulatlon of the path of the beam and the confirmation from 
the experiments, with an input diaphragm 10 of 1 mm, 
the size of the beam stop 1 6 is advantageously 2*3 mm. 
[001 7] I n optics, the so-called spot function describes 
the different sizes of images of infinitesimally small 
points which are localised on the object. In order to ob- 
tain an image which corresponds to the resolution of a 
CCD sensor, they are compared with the size of one pix- 
el (ca. 10 ^m X 10 ^m). Within one pixel, all appearing 
photons (with infinite probability) are integrated. There- 
fore, the spot function should always lie within a size 
giver by the dimensions of a pixel. In particular, with an 
inteimcdiHto iriHtgc 1 7 fnuugh a tens 18, as is indicated 
in the bcrim ir fig 1 the spot function is smaller than 
the pixc si/c. The tntcmcdjale image 17 is then taken 
by a lens 10 o- a camera 20. 

[0018] The observation results on a dark field show 
that the edge, and therefore also defects in the edge, 
such as ruptures can be illustrated very well. In principle, 
surface defects can be discerned in dependence on the 
scattering behaviour of a rough surface. However, linear 
surface defects are less easily recognised. 
[0019] Bubbles are easily recognised, but cannot be 
exactly specified according to their size, i.e. a small bub- 
ble appears brighter and larger throughout than a large 
bubble. The cause lies in the non-iinear scattering be- 
haviour of the bubbles. If, for example, a contact lens 
contains two little bubbles which are each smaller than 
50 fxm, this still counts as acceptable. It is therefore nec- 
essary to portray the bubbles in proportion to their size. 
[0020] Therefore, according to the invention, the path 
of the beam after the cuvette 5 is divided and the contact 
lens 4 is additionally examined in transmitted light. To 
do so, in the path of the beam after the cuvette 5,a beam- 
dividing cube 21 is inserted, so that the view over the 
contact lens 4 is divided. One beam Is that formerly of 
the schlieren optics 2 and the other beam Is that given 
In transmitted light 3. The additional glass unit 21 must 
be taken Into consideration when calculating the imag- 
ing properties. The diffracted beam is again reflected by 
a min'or 22, in order to optimise the size, but also to 
equalise the image orientation. Through the small resid- 
ual divergence, sufficient sharpness in depth can be at- 
tained. The image of the contact lens 4 is then taken by 
a camera 23. 

[0021] Examination results showthatthe bubbles can 
be depicted to scale with the assistance of the transmit- 
ted light process. Thus, using this combination arrange- 
ment, all defects in the contact lens which should be de- 
tected are illustrated very well. 
[0022] Ail the optical elements of the structure and the 



contact lens should ideally lie in one optical axis. The 
demand for high positioning accuracy of the contact lens 
on the cuvette base 24 stems from this. In addition, good 
observation of the contact lens 4 is only provided if con- 

5 tact of the contact lens 4 with the edge of the cuvette 5 
is avoided. So that the contact lens 4 can f bat independ- 
ently in the centre of the cuvette 5. the base 24 may be 
advantageously shaped as a watch glass. However, the 
watch glass is an optical element of the structure and 

10 influences the Imaging properties of the whole structure. 
The consequences thereof must be heeded. Due to its 
curve and its refractive index other than the surrounding 
fluid, the watch-glass dish likewise has imaging proper- 
ties. These refract the parallelity of the illuminating light. 

IS This is noticeable in such manner that the beam stop 1 6 
has to be enlarged. If, however, the beam stop 1 6 is too 
large, then too little scattered light from the contact lens 
4 passes the beam stop 16. In other words, too many 
low spatial frequencies are suppressed. The greater the 

20 convexing of the watch-glass dish, the greater its refrac- 
tion. It has been shown that a radius of curvature oi r. / 
= 50 mm has proved to be advantageous. 
[0023] The test equipment uses for evaluate :.n both 
the light-scattering properties of the defect features and 

2S the transmission properties of the defect features. How- 
ever, these properties possess not only defects and 
structures of the contact lens, but also foreign bodies In 
the test liquid. Therefore, very high demands are placed 
on the cleanliness of the cuvette 5 in respect of dirt and 

30 fluff. In order to detect defects which have a negative 
effect on the quality of the contact lens, a minimum res- 
olution of 50 fim is necessary to recognise the smallest 
defects. However, as a result of the high resolution of 
the optics, not only the defects, but also all the foreign 

35 bodies on the contact lens and in the test liquid are vis- 
ible. This includes, in particular, dust particles and fluff. 
With a square-shaped cuvette 5, the smallest particles 
are deposited in the comers and edges. However, these 
are likewise very visible with a high-resolution inspec* 

40 tlon device. Oust particles, which are present in the liq- 
uid, scratches and dirt on the bottom or cover of the cu- 
vette 5, and the like, are similarly displayed by the 
schlieren method. Dust particles fonm an almost Isotrop- 
ic scattering centre, so that they can appear considera- 

45 bty brighter than a scattering centre which scatters very 
anisotropicalty. It Is therefore only partly possible to dis- 
tinguish foreign bodies and defects on the contact lens. 
Ruff can be detected by Its linear structure. However, 
tears or linear surface defects similarly possess this fea- 

50 ture. Oust particles and bubbles in the contact lens are 
represented by small round regions in the image. It is 
not possible to unequivocally examine bubbles and dust 
particles. Of course, only the .scattering centres found 
around the contact lens 4 make a detrimental contribu- 

55 tlon to the image. For this reason, it is innportant to clean 
the test liquid. It is advantageous for cleaning of the test 
liquid to take place pemnanently, since it is almost cer- 
tain that foreign bodies will appear during continuous 
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operation. This can be ensured by having a permanent 
cleaning process of the test liquid through fitters, or by 
continuously replacing the test liquid. 
[0024] Equally high demands as on the test liquid are 
placed on the cuvette bottom 24, since this is a compo- 
nent of the optical testing area in respect of the depth 
of focus. The cuvette bottom 24 should not have any 
streaks in the glass, nor scratches or particles of dirt on 
the surface. These demands may be fulfilled by careful 
handling of the cuvettes 5 and by pennanently cleaning. 
After each testing procedure, the any particles of dirt or 
remains of contact lenses in the cuvette 6 should be 
cleaned. 

[0025] For optimum illumination and Imaging of the 
contact lens 4, Its position in the cuvette 6 while the Im- 
age is being taken Is of crucial importance. The shift 
should preferably not exceed 0.5 mm In the x and y co- 
ordinates. If these values are exceeded, the resolving 
power is reduced. This leads to errors in the image of 
the edge and to Inadequate control in the periphery. The 
z coordinate Is restricted by the depth of focus of the 
schlieren optics and the scope of the telecentric optics. 
This should preferably not exceed 0.5 mm. 
[0026] By tilting, the an ellipse-shaped image of the 
contact lens is made, subject to the projection. However 
in the plan view, this cannot be distinguished from a non- 
round contact lens. Since the roundness is a crucial test 
criteria, the tilting must be excluded. 
[0027] After placing in the cuvette, the contact lens 
must float in a central position. The lens must remain 
therefor two reasons. First ofati, a precise trigger point 
Is defined for the optimum location for taking a pkJture 
under optimum conditions, and secondly, a defined ac- 
cess point is created for removing the contact lens. Any 
self-movement must be restricted to the floating proc- 
ess. After this, the contact lens must not undertake any 
further movement in the cuvette. The contact lens must 
be prevented from making contact with the side wall of 
the cuvette. Although the edge can be detected as such, 
any evaluation of ruptures or tears cannot be reliably 
made, as the side wall of the cuvette can mask these 
defects in the Image. 

[0028] Before an image can be automatically proc- 
essed by computer, this image must be present In the 
memory of the computer. To do this, an area of an object 
scene is observed by an electronic camera and the cam- 
era image is treansf erred to the memory by an appro- 
priate interface card. An object scene can be defined as 
a continuous image signal of a function of two constant 
local variables x and y. Using an optical system, a sec- 
tion of this scene is illustrated, in its image plane, on a 
two-dimensional CCD -sensor of a camera. This area, 
which is of interest for further operations, is called the 
image. The optical system changes the image through 
its imaging properties, which may be described, by way 
of example, by their transfer function. The image is now 
stored as a constant continuous signal on the CCD sen- 
sor, through which it is scanned locally. The result of this 



operational step is a continuous picture signal of two dis- 
tinct local variables. Then, quantisation of the picture 
signal by the AD converter follows. Now there is a digital 
picture signal as a function of two distinct localyariables, 

5 which is placed in the memory. Such a matrix of distinct 
elements, with the line index i and the column index j, is 
called a digital image. The elements of this matrix are 
called a picture element or pixel. One pixel is described 
by its position (i.j) and its brightness value, the grey val- 

10 ue(G={0. 1 ,....255)). 

g(ij) e G 

15 [0029] A digital image can be divided into two principal 
areas of importance, the foreground and the back- 
ground. The background contains no relevant infomia- 
tion . tor which reason It remains more or less unnoticed. 
The foreground is described as all picture areas which 
20 undergo further processing. This includes stmctures, 
objects and regions, whose features prepare the foun- 
dation for the decision made in testing, 
[0030] The objects are described as picture areas in 
the foreground, which may be described by a closed 
25 curve path and are delimited from their surroundings by 
an object edge. Pixels of the object edge are distin- 
guished from the background by a difference In their 
grey value. The enclosed picture region may assume 
the same or a different grey value from the background. 
30 [0031] Because objects have been through about 
their delimitation from the background and from one an- 
other, in the foreground they illustrate separate picture 
regions. However, these are still two-dimensional imag- 
es with a substantial amount of data. It is therefore the 
35 aim of further operations to reduce the amount of data 
used to describe the objects and their properties to a 
few characterising quantities, the characteristics. 
[0032] Such characteristics, also called primary char- 
acteristics, may be e.g. circumference, area, average 
40 grey value or the maximum extent of the x and y axis. 
They prepare metrics for the measurement of object 
properties. Characteristics thus form the foundation for 
classification, i.e. a conrelation of Importance. 
[0033] On the basis of this definition, the contact lens 
45 is an object, the edge of which stand out from the back- 
ground. The contact lens edge Itself must be checked 
for defects, such as tears and ruptures. Testing Is pos- 
sible by tracking the edge and comparing it with a de- 
fined shape. If the edge deviates from this, for each part 
50 region a defective area is formed from the sum of all 
deviating image elements as a defective area. For de- 
tailed analysis of the contact lens edge, processes for 
analysing shape and evaluating the peripheral proper- 
ties are used. 

55 [0034] After the edge of the contact lens has been 
identified, an inner region Is fixed, whose area is en- 
closed by the edge. An analysis is now made of puncti- 
fomr) and areal deviations of the grey value and com- 
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pared with the general background grey value. This 
method, which takes advantage of the gradients of the 
grey value curve, thus takes Into account local variations 
in the intensity of the background. 
[0035] Using a procedure of this kind, objects such as 
inclusions, surface defects and other deviations may be 
recognised, since they are delimited from the back- 
ground by their edges, in part, surface defects have 
marked edge characteristics. They are however distin- 
guished from the defect-free background by their tex- 
ture. Characteristics used to describe discovered defec- 
tive objects are grey value, contour, off size and area. 
[0036] After detecting deviations on the lens edge and 
in the inner area, the defective objects must be classified 
in order to make a decision on the test. The defective 
area, number of defects, off size, shape and position are 
used to describe the type of defect and as a criterion for 
rejection. 

[0037] It is expedient to employ a multi-stage classi- 
fication process, since in the first stage of classification, 
the importance must be con-elated, and only then can a 
comparison be made with the rejection criteria. For ex- 
ample, a bubble has a smaller defective area than a sur- 
face defect. In the second stage of classification, a de- 
cision as to whether the defective object should be fur- 
ther processed or may be tolerated in the product is 
made on the basis of individual rejection criteria. In the 
further processing, defects are differentiated into indi- 
vidual defects and groups defects. Individual defects 
must immediately lead to a decision to reject them, be- 
cause of their large deviation of individual parameters 
from the maximum tolerance. Group defects are defined 
through a maximum number of smaller defects. Here, 
single or many defects are tolerated. It is only when a 
maximum number has been exceeded that the decision 
to reject Is made. 

[0038] Figs. 2 and 3 show images of a perfect contact 
lens. The contact lens is defined by its edge, whteh is 
distinguished from its surroundings by a high contrast. 
The inner area is homogeneous and does not contain 
any further objects. Fig. 2 was taken using schlieren op- 
tics and fig. 3 with by the transmitted light method. Using 
the schlieren technique, the edge of a contact lens offers 
an image with a very high contrast over the background. 
As can be discemed from fig. 3, the edge can also be 
checked by the transmitted light method. 
[0039] An image of tears can also be made by the 
transmitted light method, as can be inferred from figs. 4 
and 5. To recognise defects, both images, i.e. the Image 
on a dark field and the image in transmitted light, are 
combined to give optimum results. The check the con- 
tact lens edge, the edge is tracked over one revolution 
of the whole lens Figs. 6 and 7 illustrate a lens with a 
ruptured edge. Ruptures or tears represent defects in 
the course of the arc, and can be evaluated by their off 
sizes and defective areas. Both methods use compari- 
sons to a reference sample, in order to recognise devi- 
ations. Peripheral defects are clearly classified as inrv 
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portent because of their position and their appearance, 
which simplifies the first classification step. Afterwards, 
it is possible to evaluate the defect parameters. 
[0040] As is evident from fig. 8, inclusions or bubbles 
5 are portrayed as dark points or small circles with a 6atk 
edge shown on the light background. The diameter, 
shape and number are used to detennlne the basis of 
these characteristics. 

[0041] Surface defects may be recognised by their 
10 light-scattering properties. To recognise defective re- 
gions, diffuse linear or areal regions are used, which can 
be evaluated by their spread In the case of linear sur- 
face defected, both methods achieve approximately the 
same result. This type of defect is classified by its posi- 
15 tion within the lens, its linear length and the defining rec- 
tangle. However, areal surface defects can only be rec- 
ognised by schlieren optics. Fig. 9 illustrates a contact 
lens with surface defects on a dark field. 
[0042] In all, the invention enables more objective de- 
fect evaluation to take place through the combination of 
the schlieren method with the transmitted light method, 
with the result that the advantages of these two different 
systems are combined. The schlieren method is in a po- 
sition to illustrate the edge and its ruptures in high con- 
trast for the CCD camera. Likewise, tears and surface 
defects can be made visible. With the transmitted light 
process, the bubbles can be suitably prepared for the 
camera, so that defects can all be recognised In tenms 
of the required test criteria. 



Claims 

1. Device for the automatic inspection of ophthalmic 
lenses, especially contact lenses, using a light 
source for illumination, a holding device forthe lens, 
an observation beam with an attached imaging de- 
vice for taking a picture of the lens and an image 
analysing equipment to further analyse the Image 
of the lens, characterised In that the observation 
beam consists of a daric-field observation (2) and a 
bright-fiekj observation (3), and an imaging device 
is attached both to the dark-field observation (2) and 
the bright-field observation (3), whereby the two im- 
aging devices can simultaneously take a picture of 
the contact lens (4) and then pass this picture to the 
image analysing equipment which processes the 
two images. 

2. Inspection device according to claim 1 , in which a 
beam divider (21 ) is provided to divide the observa- 
tion beam into dark-field observation (2) and bright- 

- field observation (3). 

3. Inspection device according to claim 1 or 2, in which 
the lens (4) is examined in transmission. 

4. Inspection device according to dalm 2 or 3, in which 
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the tens (4) is held in a container (5). 

5. Inspection device according to claim 4, in which the 
container (5) is filled with water or a similar test liq- 
uid. 

6. Inspection device according to claim 5, in which the 
container (5) Is covered by a glass plate (13). 

7. inspection device according to claim 2 or 6, in which 
a convex lens (14) is provided for the dark-field ob- 
servation (2), and the lens (4) is located in one of 
the focal planes of this convex lens (14). 

8. Inspection device according to claim 7, in which an 
achromatic lens with a free diameter of 48 mm and 
a focal length of 1 00 mm is used as the convex lens 
(14). 

9. Inspection device according to daim 7 or 8, in which 
a diaphragm (1 6) is provided as a beam stop In the 
second focal plane of the lens (1 4). 

1 0. Inspection device according to claim 9, in which the 
size of the input diaphragm (10) is 0.7 to 1.4 mm 
and the size of the diaphragm (1 6) lies in the range 
of 1.6 to 4 mm. 

11. Inspection device according to claim 7 or 10. in 
which the beam-dividing cube (21 ) is provided be- 
tween the container (5) and the convex lens (14). 

12. Inspection device according to one or more of 
claims 1 to 11. in which the lens (4) is Illuminated 
with parallel light. 

13. Inspection device according to claim 12, in which a 
halogen lamp (6) is provided as the light source. 

14. Inspection device according to claim 13, In which a 
concave min'or (7) is used to reflect light coming 
from the light source. 

15. Inspection device according to claim 14, In which 
the light coming from the light source is focussed 
onto a diaphragm (1 0) by a biconvex tens (9). 

16. Inspection device according to claim 15, in which a 
heat filter (8) is provided between the halogen tamp 
(6) and the diaphragm (10). 

. 17. Inspection device according to claim 16, in which 
the diaphragm (1 0) is in the centre of a further lens 
(11). 

18. Inspection device according to claim 1 7. in which all 
optical elements of the lliuminattng beam (7. 6, 8, 
9, 10. 11) and the dark-field observation (2) lie on 



one optical axis. 

19. Inspection device according to one or more of 
claims 9 to 18, in which a second lens (18) is pro- 

5 vided behind the diaphragm (16) to produce an in- 
termediate image (17). 

20. Inspection device according to one or more of 
claims 1 to 19, in which a CCD camera is provided 

10 as the imaging device. 

21 . Process for inspecting an ophthalmic lens or a con- 
tact lens (4), whereby the lens is illuminated, an im- 
age of the lens is taken by an imaging device and 

15 is subsequently analysed by image analysing 
equipment by automatic Image-processing meth- 
ods, characterised in that the lens Is observed on 
a dark field (2) and a bright field (3) simultaneously 
and the images of the lens on a dark field and bright 

20 field are simultaneously taken by the imaging de- 
vice and transmitted to the image-processing unit. 

22. Process according to claim 21 , in which a common 
observation beam is provided, which is divided by 

25 a beam divider into the dark-field observsUion beam 
and the bright-field observation beam. ~ 

23. Process according to claim 21 or 22. in which the 
lens is illuminated in transmission with parallel light. 

30 

24. Process according to claim 21 or 23, In which the 
lens is located in a container (5) filled with water or 
a test liquid. 

35 25. Process according to one or more of claims 21 to 
24, In which the beam is divided behind the contain- 
er (8). 
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(57) The invention enables more objective defect 
evaluation of ophthalmic lenses, especially contact 
lenses, to take place through the combination of the 
schlieren method with the transmitted light method, with 
the result that the advantages of these two different sys- 
tems are combined. The schlieren method is in a posi- 
tion to illustrate the edge of a contact lens and its rup- 
tures, in high contrast, for the CCD camera. Likewise, 
tears and surface defects can be made visible. Using 
the transmitted light method, the bubbles may be suita- 
bly prepared for the camera. 
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